ABSTRACT
INTRODUCTION
The adaptation of pancreatic enzymes to the type of food available is one of the physiological advantages that enable animals to use nutrients and energy for metabolism as efficiently as possible. Since the reports of Pavlov in the early 1900s, the adaptation of the exocrine pancreas to dietary changes in various species, including the rat (Deschodt-Lanckman et al., 1971; Sabb et al., 1986; Wicker et al., 1988) , dog (Behrman & Kare, 1969) , pig (Simoes-Nunes, 1985; Flores et al., 1988) and chicken (Dror et al., 1976) , has been described. The consensus of these studies is that the content in pancreatic tissue of the major digestive enzymes changes proportionately in response to the amounts of their respective substrates protein, carbohydrates and fat (Deschodt-Lanckman et al., 1971; Johnson et al., 1977; Simoes-Nunes, 1985; Sabb et al., 1986; Wicker et al., 1988) . The changes in tissue enzyme concentration are accompanied by similar changes in its secretion (Ben Abdeljlil & Desnuelle, 1964) . A general point about the enzyme adaptation to the diet is that the changes are rapid and becoming complete within a week (Bucko & Kopeck, 1968; Deschodt-Lanckman et al., 1971; Sabb et al., 1986) , and can be maintained for several weeks (Desnuelle et al., 1962) , at least in the rat.
Concerning dietary fat, not only its quantity but also its quality affects this adaptation (Saraux et al., 1982; Simoes-Nunes, 1985; Sabb et al., 1986; Ricketts & Brannon, 1994) , although conflicting results appear in the literature. On the other hand, little is known about the overall pattern of pancreatic response to exogenous or endogenous stimulation after long-term intake of a nutritionally-defined diet. We have previously confirmed, in dogs, the absence of a rapid adaptation of the exocrine pancreas to a high-fat diet (Mañas et al., 1996) , and studied, in the same species, the long-term adaptation (8 months) of exocrine pancreatic secretion to high levels (15% by weight) of two types of fat differing in fatty-acid saturation: sunflower oil and virgin olive oil (Ballesta et al., 1990) . In the latter report, the effects of these diets were analysed in terms of response to food and both enzyme and electrolyte content in the juice secreted. The results showed that the two groups of animals responded quite differently to the presence of food in the digestive tract, perhaps due to the existence of different profiles of the gastrointestinal hormones that control pancreatic secretion. Thus, food ingestion was followed, in the sunflower group, by a significant increase in the pancreatic flow rate and in bicarbonate output, whereas no significant changes were registered in the olive group as measured by the same parameters.
The aim of the present study is to examine if a shorter period of adaptation (6 months) and lower levels (9% by weight) of the same fats (sunflower and olive oil) exert the afore-mentioned effects or if the changes have any relation with time of adaptation and amount and quality of dietary fat.
MATERIALS AND METHODS

Animals.
A total of six mongrel dogs of both sexes weighing 15-20 kg were used in the study. The animals were weaned at 15-20 d old and randomly divided into two experimental groups (3 animals each): olive oil group (Group O) and sunflower seed oil group (Group S). Both groups were submitted to a 6-months dietary adaptation period, one group receiving olive oil (Group O) as the fat source, and the other group sunflower oil (Group S). During this period, the dogs were maintained in individual cages, with free access to water. Each day, the animals were allowed 1 h of unlimited feeding on a fluxuating schedule (from 09.30 to 12.00 h) to avoid conditioning to a specific feeding time. All animals appeared healthy throughout the study.
Diets. The diets were formulated using a commercial dog chow (Extra®, Gabrina Purina), prepared fat-free especially for the present study. Sunflower oil (Koypesol®) was added to the chow given to Group S and virgin olive oil (Carbonell®) to the chow given to Group O. The diets were prepared daily to avoid peroxidation. The two diets were isoenergetic and isonitrogenous, thus differing only in their fatty-acid composition (Table 1) . White and Murat (1967) , using a Silastic cannula with a rigid PVC tip. Near the drainage of the main pancreatic duct, a T cannula was implanted in the duodenum and fixed to the intestinal wall with purse-string sutures. Both cannulas were exteriorized through the right abdominal wall. The experiments began one week after surgery.
Time-course of the experiments.
The animals were deprived of food but not water for 20 h before each test. At least 48 h elapsed between two consecutive tests. On each experimental day and after collecting two 60 min samples of pancreatic juice, the dogs were fed 500 g of their assigned diet, and pancreatic secretions were sampled hourly for the next 5 h. These samples were taken in PVC bags of a known weight. An aliquot was kept from each sample for the immediate determination of bicarbonate concentration, and the residual juice collected in one unit of time was reinfused through the duodenal cannula. Together with pancreatic juice, the duodenal contents were sampled at the same time intervals to determine pH.
Analytical methods. Flow rates were determined gravimetrically, with density considered equal to 1 (Hoffman, 1967) . Bicarbonate concentration in pancreatic juice was determined by adding 5.0 ml 0.01 N hydrochloric acid to a 0.5 ml sample, gently boiling, cooling down and neutralizing the excess acid with 0.01 N sodium hydroxide. The results are expressed in mEq/l. The pH of the duodenal contents was measured using a pHmeter (model micro pH 2001, Crisson Instruments S.A., Barcelona, Spain) calibrated at pH 4.00 and 7.00.
Statistics and calculations.
Three studies were carried out on separate days for each dog, and the overall mean of the studies was used to calculate the group mean and the standard error of the mean. Differences within groups (as compared to basal) and between groups were tested for significance by using the Student's t test (t-test procedure, SPSS PC). A P value < 0.05 was considered statistically significant.
The same statistical methods were used to compare the results from the present study with those obtained in a previous work (Ballesta et al., 1990) in dogs adapted for 8 months to diets prepared by adding 15% olive or sunflower oil to the same commercial fat-free chow (Extra®, Gabrina Purina).
RESULTS
There were no differences in food intake between the groups. All the animals ate the same amount of food (500 g/d) and had the same energy intake during the experimental period.
Resting secretion. The pancreatic flow rate was similar in both experimental groups, slightly but not significantly higher in dogs fed the olive oil diet (Group O). Bicarbonate concentration was higher in the juice secreted by the Group O animals. However, there were no significant differences between the groups concerning bicarbonate output and duodenal pH values (Table 2) .
We have compared these results to those obtained by us in a previous work performed on dogs adapted for a longer period of time (8 months) to diets containing higher levels (15%) of the same dietary fats (Ballesta et al., 1990 ). As Table 2 shows, resting pancreatic flow rate as well as bicarbonate concentration and output were similar in both Group S (9 and 15% fat) and Group O (9 and 15% fat).
Response to food. Our two groups responded differently to the presence of food in the digestive tract. In Group S, the meal ingestion induced a significant increase in the volume of the pancreatic juice secreted, that remained elevated significantly until the end of the study, whereas in Group O the pancreatic flow rate showed a slow and progressive increase which became significant as compared to basal at 4 and 5 h postprandially (Fig. 1a) . The flow rate was greater in Group S during the first 3 h after the meal.
In the animals given the sunflower oil diet (Group S), food ingestion evoked a significant rise in bicar-bonate output during the first 4 h after eating. In contrast, no significant change was recorded throughout the entire postprandial period in Group O. Bicarbonate production was significantly higher in the Group S dogs at the 2nd postprandial hour (Fig. 1c) .
As mentioned above, we have compared our present results to those obtained previously (Ballesta et al.,1990) in dogs adapted to diets containing higher amounts (15%) of the same dietary fats. The volume of the pancreatic juice secreted during the entire postprandial period was greater in the animals that received a 9% olive oil diet than in those given a 15% olive oil diet (Fig. 2a) . The differences were statistically significant from the second postprandial hour onwards. In dogs fed diets containing sunflower oil, the pancreatic flow rate in response to food was also higher in those animals adapted for 6 months to the 9% lipid diet (Fig. 2b) .
Bicarbonate concentration was consistently higher when olive oil was 9% (Fig. 2c) . With respect to the sunflower oil diets, postprandial bicarbonate levels were very similar regardless of the amount of dietary fat (Fig. 2d) .
Finally, the bicarbonate output (Figs. 3a and b) showed very similar patterns to those of flow rate. Duodenal pH. In resting conditions, the pH of the duodenal contents was similar in both experimental groups: 5.7 ± 0.3, Group S; 4.7 ± 0.5, Group O (Table 2). The presence of food in the gastrointestinal tract led to small changes in duodenal pH values, without evidence of significant differences, as compared to basal, throughout the postprandial period (Fig. 1d) .
Regardless of the type of dietary fat, the animals fed the 9% lipid diets showed duodenal pH values significantly lower than those given the high-lipid diets (15%), both in resting conditions and at 1 h after the meal (Figs. 3c and d) .
DISCUSSION
In resting conditions, and after a 6-months adaptation period to 9% fat diets, there were no differences in pancreatic juice flow nor bicarbonate output between Group S and Group O. Moreover, the values obtained were similar to those recorded previously by us (Ballesta et al., 1990) in dogs fed, for 8 months, on diets containing higher amounts (15%) of the same dietary fats (sunflower and olive oil). This suggests that both the volume of pancreatic juice and the bicarbonate secreted in the absence of stimuli are unaffected by the amount or quality of dietary fat.
After long-term (8 months) adaptation to high levels (15% by weight) of sunflower or olive oil (Ballesta et al., 1990), we found qualitative and quantitative differences in the pancreatic response to food. Thus, in the group of dogs given the olive oil diet, pancreatic flow rate and bicarbonate output did not change after the meal ingestion, whereas in the animals fed the sunflower oil diet, the habitual postprandial pancreatic response was found, similar to that observed after the ingestion of a commercial chow in animals not adapted to a defined diet (Huertas et al., 1991) . In addition, the differences in flow rate did affect the output of the pancreatic enzymes (Ballesta et al., 1990) .
In both the latter report (Ballesta et al., 1990 ) and the present study, the differences in the pancreatic response to food (in terms of volume and bicarbonate output) between the animals fed the olive or sunflower oil diets may be associated with the great effectiveness of oleic acid (the major fatty acid in olive oil) in stimulating the release of pancreatic polypeptide -PP - (Fink et al., 1983) and peptide YY -PYY - (Pappas et al., 1985) , two peptides whose inhibitory action on exocrine pancreatic secretion is well known (Beglinger et al., 1984b; Lluis et al., 1987) . Furthermore, our results suggest the existence of a direct relation between the amount of oleic acid in a diet consumed for a long period of time and the plasma concentration of both inhibitory peptides. These were able to inhibit the pancreatic secretion stimulated by secretin (Beglinger et al., 1984b; Lluis et al., 1987) , cholecystokinin (CCK) (Lluis et al., 1987) or both (Hosotani et al., 1989; Brodish et al., 1993) . PYY also inhibits the release of CCK (Lluis et al., 1988; Hosotani et al., 1989) , which, in turn, has been reported to potentiate the action of secretin on the fluid and bicarbonate secretion (You et al., 1983; Beglinger et al., 1984a; Chang & Lotti, 1986; Cantor et al., 1991) . As a consequence, the magnitude and time-course of the pancreatic response to feeding would be determined finally by the oleic acid content in the diet. The values of pancreatic flow rate and bicarbonate output found in the present study in the animals given the 9% olive oil diet are higher than those observed in our previous study (Ballesta et al., 1990) in the group of dogs fed on a diet that contained 15 % olive oil, thereby supporting our hypothesis. In fact, we have recently demonstrated, both in dogs and humans, that adaptation to diets containing sunflower or olive oil as the fat source leads to different plasma PP and PYY profiles (unpublished data).
On the other hand, the amount of sunflower oil in the diet does not seem to affect greatly the pancreatic response to food, since characteristically postprandial increases are observed with this fat, regardless of its dietary content. The modest differences found between the animals given the 15% (Ballesta et al., 1990) and 9% sunflower oil diets may be also explained by the 25% oleic acid contained in this dietary fat. This may be the reason for the lower response to food observed in the animals fed the diet containing greater amounts of fat (15%), and consequently, of oleic acid.
Finally, although several authors (Bucko & Kopeck, 1968; Deschodt-Lanckman et al., 1971; Sabb et al., 1986) have reported that 7-d periods (or less) are long enough to induce clear-cut changes in the exocrine pancreas following a dietary alteration, the fact is that most observations were related to modifications in the enzyme activities of rat pancreas. The lack of effects of short-term changes in diet on pancreatic secretion of the dog (Mañas et al., 1996) indicates that species differences do exist, and that the duration of the adaptation period may have exacerbated the differences, mainly explained by the quantity and quality of dietary fat, between the results from the present study and those previously obtained (Ballesta et al., 1990) .
In conclusion, our findings demonstrate that, in dogs submitted to a 6-months adaptation period to 9% fat diets, both the volume of pancreatic juice and the bicarbonate output secreted in the absence of stimuli are unaffected by the quality of dietary fat. In contrast, marked differences in the pancreatic response to food do exist between the animals fed the olive or sunflower oil diets, in accordance with investigations previously performed by us on the same animal species (Ballesta et al., 1990) . In both studies, those differences seem to be related with the oleic acid content in the diet and the effectiveness of this fatty acid in triggering the release of inhibitory peptides such as PP and PYY. In addition, the comparison between the results from both studies confirms the existence of a clear influence of the amount of dietary fat upon the exocrine pancreatic response to food ingestion, though not upon the resting secretion, without discarding a role for the duration of the adaptation period.
